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doi:10.1016/j.jfma.2010.12.004The authors present a case of citrullinemia with a genotype of argininosuccinate synthetase
(ASS1), c.380 G>A (p.R127Q)/c.380 G>A (p.R127Q), in two alleles. A 3-day-old female infant
presented with status epilepticus and coma. Laboratory data showed hyperammonemia and
marked lactic acidosis in the blood and cerebrospinal fluid; electroencephalography showed
severely suppressed cerebral activity and focal paroxysmal volleys of slow and sharp waves
(< 1 Hz) over the left hemisphere. Real-time transcranial Doppler ultrasonography showed
a brain edema and high peaked systolic and low diastolic flows in basal, anterior, and middle
cerebral arteries; however, immediately after a blood exchange transfusion, systolic flows
were lower and diastolic flows were higher. The resistance indices were significantly different
(means: 0.58 vs. 0.37; pZ 0.01). The patient was placed on diet therapy. After six blood
exchange transfusions and peritoneal dialysis, her neurologic examination results and serum
ammonia and lactate values were normal. The authors found that electroencephalography
and transcranial Doppler ultrasonography were useful for the diagnosis and follow-up treat-
ment of neonatal citrullinemia.
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Fulminant hyperammonemia often occurs during the
neonatal period when fetal hyperammonemia no longer
relies on maternal detoxification.1e3 Postnatal symptoms,
which usually occur several days after feeding, include& Formosan Medical Association. All rights reserved.
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Adequately managing fulminant hyperammonemia requires
a prompt diagnosis and appropriate treatment: blood-
exchange transfusions, hemodialysis, and peritoneal dial-
ysis.2 A delay in diagnosis and treatment during the critical
period usually results in permanent neurologic sequelae.
Other possible diagnoses when encountering neonatal
hyperammonemia include sepsis and epileptic seizures.
Transcranial Doppler ultrasonography and electroen-
cephalography are convenient diagnostic tools, particularly
in newborns with seizures and unstable vital signs, because
they preclude the need for other complex examinations.
They are, however, apparently rarely used in the assess-
ment of neonatal metabolic disease. We studied one
newborn, with nonconsanguineous parents, who showed
progressive seizures and coma on postnatal day 3. A prompt
diagnosis of hyperammonemia and early blood-exchange
transfusions saved the infant and left her, at 9 months old,
without obvious neurologic consequences.Case report
A first child born to nonconsanguineous parents at our
hospital after an uneventful 40-week pregnancy was
delivered via vacuum-assisted caesarian section because
of a prolonged ruptured membrane. The newborn’s birth
weight was 2620 g (< 10th percentile), body length was
48.5 cm (25th percentile), and head circumference was
32 cm (10th percentile). The newborn’s Apgar scores were
8 and 10 at 1 and 5 minutes, respectively; initial crying was
not delayed. After the birth, she ingested a substantial
amount of milk. Fifty-eight hours after the birth, however,
she began vomiting, and the mother noticed that the infant
was relatively inactive and lethargic and that she had a poor
appetite. The infant was then transferred to level II (special
care newborn nursery). Two hours later, the infant had
a bilateral clonic seizure with decreased oxygen saturation,
and her heart rate fell to 80 beats per minute, at which point
she was transferred to the neonatal intensive care unit.
Physical examination of the infant revealed a depressed
state of alertness and almost nonexistent limb movement.
Breath sounds were smooth (respiratory rate 50 times
per minute; transcutaneous oxygen saturation 97%; body
temperature 36.7C). She showed no response and did not
cry when stimulated, looked pale, and evinced poor skin
perfusion. The anterior fontanel was tense. Breathing and
heart sounds were normal; she had no heart murmur. No
dysmorphism was found. The infant’s seizures were
persistent and she had repeated mouth twitching and focal
clonic seizures in her right arm and leg. She was then given
an intravenous loading dose of phenytoin (15 mg/kg) and
a maintenance dose of 8 mg/kg/day. A blood gas analysis
showed metabolic acidosis. A blood count showed her
hemoglobin at 14.8 g/dL and white blood cell count at
1.66 109/L. Prothrombin time was 17.4 seconds, acti-
vated partial thromboplastin time was 34.2 seconds,
platelet count was 203,000/mL, and C-reactive protein was
0.297 mg/dL. The infant was given intravenous ampicillin
and cefotaxime for suspected meningitis; however, a cere-
brospinal fluid analysis showed neither pleocytosis nor red
blood cells, but it did reveal a significantly high lactic acidvalue: 69.5 mg/dL (normal range: 10-20 mg/dL). Her serum
lactic acid level was also significantly higher than normal at
87.6 mg/dL (normal range 10-20 mg/dL). A cranial ultra-
sound showed hyperechogenicity over the basal ganglion,
thalamus, and whole brain parenchyma, which disclosed
a brain edema. An electroencephalogram showed severe
suppression of cerebral activity with focal bursting of
extremely slow paroxysmal sharp waves over the left
hemisphere, which lasted for as long as 40 seconds (Fig. 1).
Transcranial Doppler ultrasonography showed a high peak-
ing systolic flow and a low diastolic flow in the bilateral
anterior, middle cerebral, and basal arteries (mean resis-
tance index 0.58 0.09) (Table 1) (Fig. 2). The first blood
ammonia test result, 598 mmol/L, was 15 times higher than
the normal maximum level.
When the patient was 75 hours old, she was given
a double-volume emergency blood exchange transfusion.
After 20 cc of blood had been removed for the first blood
exchange transfusion, her heart rate fell to 50 beats per
minute. After she had been given intravenous epinephrine,
her heart rate returned to normal. Immediately after the
exchange transfusion, transcranial Doppler ultrasonography
showed decreased systolic velocity and increased diastolic
velocity in the basal, bilateral anterior, and middle cere-
bral arteries, which led to a lower resistance index (mean
resistance index: 0.37 0.11) (Table 1; Fig. 2). Compared
with the patient’s preexchange transfusion transcranial
Doppler ultrasonogram, the mean resistance index was
significantly different (pZ 0.01). In addition, her blood
ammonia level decreased to 266 mmol/L after the first
blood exchange transfusion.
After six uneventful full-volume blood exchange trans-
fusions, the patient’s blood ammonia level decreased to
within the normal range. She received continuous perito-
neal dialysis for 4 days, after which the ammonia acid level
returned to normal, vital signs stabilized, and she had no
more seizures. The fontanel became soft. Echocardiography
showed no obvious anomaly. Magnetic resonance imaging
with a diffusion-weighted image showed hyperechogenicity
over the basal ganglion. The infant’s blood amino acid and
urine organic acid showed a markedly increased citrullin
level up to 1430 mmol/L (normal range 11 to 27 mmol/L).
A nil per os regimen and protein-restricted diet were
started on day 3. From postnatal day 6, the infant was
given oral sodium phenylbutyrate (250 mg/kg/day) via
a nasogastric tube, an intravenous injection of L-arginine
(400 mg/kg/day; replaced with oral L-arginine beginning on
postnatal day 10), and sodium benzoate (400 mg/kg/day).
When the infant was 40 days old, she was discharged from
the hospital with normal neurologic examination results. A
genetic study revealed that the patient was a carrier of
homozygous mutations of genes that encoded arginino-
succinate synthetase, c.380 G>A (p.R127Q) (Fig. 3). The
infant’s parents proved to be carriers of heterozygous
mutations of these genes (Fig. 3). At 9 months old, the
infant’s development was appropriate for her age.Discussion
We studied the case of a 3-day-old infant presenting
with progressive seizures and coma, which proved to be
Figure 1 An electroencephalogram (EEG) on postnatal day 3 shows a suppression-burst pattern. The burst activity, localized in
the left hemisphere with extremely slow and sharp paroxysmal waves (arrows), persisted for 40 seconds (upper). An EEG on
postnatal day 12 after blood exchange transfusions shows persistent sharp focal waves over the left hemisphere (middle). However,
the EEG on postnatal day 15 was nearly normal (lower).
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(ASS1) mutation, homozygous c.380 G>A (R127Q). A series
of electroencephalograms during a metabolic crisis showed
severe suppression of cerebral activity and focal parox-
ysmal volleys of slow and sharp waves (< 1 Hz) over the
left hemisphere, which had been normal when she was
6 months old, a change that has rarely been reported
in newborns with citrullinemia. In addition, transcranial
Doppler ultrasonography, which can be used to monitor the
efficacy of a blood exchange transfusion at the metabolic
crisis, showed a significant improvement in the infant’s
blood flow after a half-dozen full-volume blood-exchange
transfusions. This is the first reported case of the c.380
G>A (R127Q) homozygous mutation in the ASS1 gene.
The clinical presentation of this mutation is heteroge-
neous: it ranges from neonatal metabolic decompensation
to adult onset of symptoms related to hyperammonemia
and citrullinemia. The same mutated variant of the ASS1
gene has been reported,4,5 but the compound heterozygous
mutation, in one patient carrying the compound heterozy-
gous mutated variants c.380 G>A (p.R127Q)/c.605 C>ATable 1 Transcranial Doppler ultrasonograms were done before
Blood velocity (cm/s) Left ACA Righ
Before first blood
exchange transfusion
Systolic 38 21
Diastolic 16 12
Resistance index 0.58 0.43
After first blood
exchange transfusion
Systolic 22 39
Diastolic 16 24
Resistance index 0.27 0.38
*p values are defined by the data before and after the blood exchang
ACAZ anterior cerebral artery; BAZ basal artery; MCAZmiddle cer(p.A202E), had a mild phenotype.5 In our case, R127 was
strictly conserved from the human to Escherichia coli
eubacterium, which results in a severe phenotype.4 One
explanation for a mild clinical outcome in compound
heterozygous mutations is different ethnic backgrounds
characterized by the residual activity of argininosuccinate
lyase.
Three cases3,6 of early electroencephalogram changes
during hyperammonemia in newborns showed similar
characteristics: multifocal spikes or repetitive paroxysmal
activity of various kinds were seen in the electroencepha-
lograms at times of crisis. One case showed burst-
suppression: the duration of suppression was closely
correlated with blood ammonia levels.2,7 In our case,
however, the electroencephalogram was different. Inhibi-
ted amplitude and occasional bursts of monotonic focal
and general sharp waves were unique findings. Compared
with other probable severe metabolic disorders, an elec-
troencephalogram in early myoclonic epileptic encephalop-
athy due to nonketotic hyperglycinemia normally shows
more synchronous bursting in both hemispheres of theand immediately after a blood-exchange transfusion.
t ACA Left ACA Right ACA BA Mean (SD) p value*
23 39 51 34.40 (12.4) 0.59
8 16 17 13.80 (3.8) 0.15
0.65 0.59 0.67 0.58 (0.94) 0.01
18 32 41 30.40 (10.2)
13 15 25 18.60 (5.5)
0.28 0.53 0.39 0.37 (0.11)
e transfusions. Bold font indicates statistical significance.
ebral artery; SDZ standard deviation.
Figure 3 A genetic study proved that the patient harbored homozygous mutations of argininosuccinate synthetase genes, c.380
G>A (R127Q) (upper), and that her parents harbored heterozygous mutations (lower).
Figure 2 A transcranial Doppler ultrasonogram before a blood exchange transfusion shows a high systolic and low diastolic flow in
bilateral anterior (upper left), middle cerebral (middle left), and basal arteries (lower left). After a blood-exchange transfusion,
increased diastolic and decreased systolic flow was shown (right). The mean resistance index was significantly lower (0.58 vs. 0.37;
pZ 0.01) than before the blood exchange transfusion.
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Neonatal Citrullinemia 861brain, unlike in our case, which showed bursting in one
hemisphere and severe inhibition in the other hemisphere
in the acute phase. Long-term electroencephalograms
usually depict lifetime suppression-bursting in nonketotic
hyperglycinemia.8,9
Transcranial Doppler ultrasonography can be used to
measure cerebral blood flow in hydrocephalic, brain-dead,
and brain-edematous newborns; however, in metabolic
disease, it has rarely been reported. A study10 of glutaric
aciduria type 1 that used transcranial Doppler ultrasonog-
raphy to investigate cerebral blood flow for brain-injured
and non-brain-injured groups showed that the pulsatility
index decreased markedly during the second year of life
in brain-injured children, possibly indicating a transient
change of perfusion pressure or vascular resistance that
was not found in non–brain-injured children. The brain
edema in our case was not vasogenic; it was caused by
cytotoxic edema attributed to the accumulation of toxic
metabolite in the brain. In patients with hydrocephalus,
transcranial Doppler ultrasonography shows a higher
systolic flow, a lower diastolic flow, and a high resistance
index, which usually implies increased intracranial pres-
sure.11e13 In our case, transcranial Doppler ultrasonog-
raphy showed significantly different blood flows and
resistance indices in the basal, anterior, and middle
arteries before and after full-volume blood exchange
transfusions. The improvement in the resistance indices
may have been caused by an amelioration of the patient’s
cytotoxic brain edema. We conclude that transcranial
Doppler ultrasonography efficaciously monitors cerebral
blood flow and cerebral function during blood exchange
transfusions.
In summary, we reported a newborn with citrullinemia
and the homozygous argininosuccinate synthetase gene
mutation c.380 G>A (R127Q). The patient was successfully
treated using multiple recurrent full-volume blood
exchange transfusions and peritoneal dialysis. Electroen-
cephalogram on day 3 showed a unique finding with severe
suppression and extremely focal and slow paroxysmal
activity that led to a diagnosis of metabolic disorder.
Transcranial Doppler ultrasonography was efficacious formonitoring cerebral blood flow and cerebral function during
the patient’s metabolic crisis.
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